UNCLASSIFIED 


AD  NUMBER 


AD804668 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  DEC  1966. 
Other  requests  shall  be  referred  to 
Defense  Metals  Information  Center,  201 
Mill  Street,  Rome,  NY  13440-6916. 


AUTHORITY 


afsc,  usaf,  ltr,  2  mar  1972 


THIS  PAGE  IS  UNCLASSIFIED 


8046 


M,  1966 


PHYSICAL  METALLURGY 

Brush  Beryllium  Is  investigating  the  effect  of 
high  purity  on  the  mechanical  behavior  of  f in.  - 
grained  beryllium  sheet.! Primary  emphasis  in 
this  pregram  is  being  placed  on  techniques  for 
achieving  a  final  microstructure  and  orientation 
typical  of  commercial  sheet  with  a  minimum  of  orien¬ 
tation.  Powder-metallurgy  techniques  are  being  used 
to  maintain  a  fine  grain  sire.  However,  one  of  the 
major  problems  Involved  in  these  techniques  is 
maintaining  a  high  level  of  purity  while  producing 
a  fine-grained  power. 

Preliminary  information  on  this  contract 
indicates  that  the  fabrication  methods  being  em¬ 
ployed  are  capable  of  controlling  purity  in  powder- 
metallurgy  beryl  liun.  Oxidation  has  been  minimized 
by  employing  argon  of  sufficient  purity  during  the 
comainution,  screening,  die  loading,  and  pressing 
steps.  Grain-growth  rate  appears  to  be  higher  be¬ 
cause  of  the  absence  of  inclusions  which  tend  to 
retard  grain  growth.  However,  pressing  character¬ 
istics  are  better  in  the  low-oxide  powder  which  per¬ 
mits  the  use  of  lower  temperatures  for  consolida¬ 
tion.  Microstructures  of  these  low-oxide  pressings 
and  sheets  appear  extremely  clean.  As  a  result, 
these  materials  resemble  ingot-source  beryl liun  in 
that  the  grain  boundaries  are  relatively  free  of 
oxide  inclusions,  but  resemble  powder-mtallurgy 
materials  in  that  the  grain  sizes  are  relatively 
fine. 

London  and  Stone  are  studying  the  mechanical 
properties  of  distilled  and  zone-refined  beryllium 
at  Franklin  Institute. To  overcome  difficulties 
in  consolidating  the  distilled  material,  they  are 
currently  constructing  an  electron-beam  melting  unit 
to  aid  in  this  part  of  their  Investigation.  Impure 
single-crystal  material  is  being  prepared  to  study 
the  effects  of  purity.  Two  such  crystals  have  thus 
far  been  tested  in  microstrain  compression.  At  room 
temperature,  the  crystals  failed  at  a  compressive 
stress  of  280,700  psl  with  no  detectable  plastic 
strain.  Fracture  occurred  largely  on  basal  and 
prism  planes.  Fracture  at  20s  C  (408  F)  was  on  a 
oyramidal  plane. 

OORROSION 

An  investigation  of  the  chemical  behavior  of 
beryllium  metal  exposed  to  a  launch-pad-abort  fire 
environment  has  been  made  by  Blake  at  TRW  Systems.!3) 
The  purpose  of  the  Investigation  was  to  study  the 
toxic  beryllium  compound  particles  or  smoke  that 
would  become  airborne  during  a  launch -pad-abort  fire. 


The  seven  pure  combustion-gas  species  in¬ 
vestigated  were  O2,  N2,  H,0,  NO,  00,  and  002.  At 
temperatures  below  the  melting  point  of  beryllium, 
water  vapor  is  predominantly  more  reactive  than  the 
others)  above  2000  F,  the  reactions  with  oxygen 
also  become  important.  The  other  five  combustion- 
gas  species  are  of  relatively  little  importance  in 
terms  of  reactions  that  generate  significant  con¬ 
centrations  of  airbe-ne  contamination.  In  an 
oxygen-rich,  hydrogen-oxygen  flame,  beryllium  com¬ 
ponents  heated  over  2400  F  are  likely  to  Ignite 
and  burn  in  the  vapor  phase  with  the  release  of 
large  amounts  of  beryllium  oxide  sr.oke,  This 
reaction  can  convert  a  significant  fraction  of  the 
beryllium  present  to  smoke.  Below  2000  F,  rela¬ 
tively  little  airborne  contamination  is  expected 
unless  a  large-scale  explosion  follows  a  fire  of 
long  duration. 

In  summary,  the  degree  of  interaction  be¬ 
tween  flame  environment  and  beryllium  components 
Increases  rapidly  with  increasing  beryllium  tem¬ 
perature,  water  vapor,  and/or  oxygen,  and  the  total 
pressure  of  the  environment. 

FABRICATION 

A  technique  for  creep-stretch-wrap  hot  forming 
compound-curved  skins  from  thln-gauge  beryllium  has 
been  developed  by  Baxter  at  General  Dynamics/ 
Convair.!4)  The  die  used  in  this  operation  was 
formed  from  Haynes  25,  a  cobalt  alloy,  by  hammer¬ 
ing  with  a  bumping  hammer.  The  die  was  heated 
from  the  bottom  by  infrared  radiation.  The  beryl¬ 
lium  sheet  was  held  along  two  sides  with  jaw 
grippers  and  stretch  wrapped  across  the  die 
(Figure  1)  at  a  temperature  of  1350  F.  By  this 
method,  a  0.020  x  10  x  24-inch  beryllium  sheet  was 
successfully  formed.  When  fully  developed,  this 
process  should  allow  substantial  cost  savings  in 
forming  compound-curved  skins. 

Denny  and  Meyer  described  techniques  for  pro¬ 
duction  of  fine  beryllium  wire.'5'  The  preferred 
source  of  material  for  fabrication  stock  was  vacuum- 
cast  ingots  because  of  the  low  nonmetallic-incluslon 
content.  Cast  ingots  are  extruded  to  3/8-lnch- 
dlameter  rod  and  then  drawn  at  750  to  800  F  with 
12.5  percent  reductions  per  pass.  Speeds  up  to 
200  feet  per  minute  are  used. 

Major  changes  in  the  micro structure  are 
noted  as  a  result  of  processing  the  beryllium.  The 
annealed  extrusions  have  an  equiaxed  grain  struc¬ 
ture  with  an  average  grain  size  of  48  microns,  while 
conversion  of  this  material  to  0.005-lnch-dian»ter 
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FIGURE  X.  COkB  I  NAT  ION  CREEP-STRETCH -WAP  MACHINE  FOR  HOT  FORM  AND  SIZE  AGING  OF  THIN-GAUGE  BERYLLIUM^) 


wlra  ylaldo  a  grain  nominally  2  microns  In  dlamatar 
and  6  microns  long.  The  authors  Indlcstad  that 
stxass  ral laving  must  occur  during  storking  sines  no 
lntarmadlata  annaals  art  usad.  Pr opart  is  s  of  0.005- 
lnch-dlaawter  wire  ara  llstad  in  Tabla  1. 


TABLE  1.  MECHANICAL  PROPERTIES  Of  0.005-INCH- 
DIAMETER  BERYLLIUM  EIRE'3' 


Condition 

Ultimate 

Tensile 

Strength, 

ksl 

Yield 
Strength 
0.2X  Offset, 
ksl 

Elonga¬ 
tion, 
percent 
In  10  in. 

As  drawn 

174.0 

137.5 

6.3 

1/2  Hr,  1000  F 

132.9 

123.2 

6.6 

1/2  Hr,  1200  F 

115.3 

77.7 

13.9 

1/2  Hr,  1400  F 

91.7 

49.6 

9.0 

Ths  forging  paramatars  raqulrad  for  tha  manu- 
factura  of  conical  barylllun  shapas  ara  balng  de- 
valopad  and  evaluated  by  Hay as  and  Noal  at  tha 
Ladlsh  Comp*"**6'  Tha  affsets  of  tan  dlffarant 
forging  or  extruding  sequences  (Tabla  2)  ara  balng 
avaluatad  utilirlng  dlffarant  reductions  and  dlffar¬ 
ant  combinations  of  forging  operations  upon  ths 
smtallurgical  and  mechanical  properties  of  tha 


forged,  conical  beryllium  shapas.  Tha  Type  4  grade 
of  beryllium  Is  being  usad  because  It  exhibited 
superior  forgeability  In  prior  tasting.  The  forg¬ 
ing  billets  have  been  Inspected  and  charscterized. 
This  material  Is  currently  being  processed  through 
the  various  manufacturing  sequences. 

The  Beryllium  Corporation  reported  on  a  manu¬ 
facturing  process  which  was  developed  to  vacuum  cast 
sound  beryllium  Ingots  up  to  6  Inches  in  diameter 
and  12  Inches  long.'7'  Empirical  equations  ware 
developed  which  showed  a  relationship  between 
soundness  of  the  Ingot  and  heat-transfer  character¬ 
istics  of  tha  mold.  Tha  sound  Ingots  are  produced 
by  Inducing  longitudinal  heat  transfer  with  a 
water-cooled  copper  plug  In  the  and  of  tha  mold. 
Ingots  cast  frus  h!?h-purlty  malt  stock  ware  more 
susceptible  to  stress  cracking  on  cooling  than 
those  made  from  regular  purity  stock. 

Beryllium  ingot  material  was  successfully  up¬ 
set  forged  In  heavy  steal  Jackets  up  to  75  percent 
at  temperatures  as  low  as  1375  F.  The  resultant 
product  showed  only  slight  Improvement  In  laechanlcal 
properties.  Ingots  ware  also  extruded  Into  mill 
shapes  In  the  1650  to  1950  F  temperature  range. 
Reductions  of  12 si  to  25il  resulted  in  sound  extru¬ 
sions  with  Improved  properties  and  very  little  pre¬ 
ferred  orientation. 


TABLE  2.  PROCESSING  SEOJENCES  USED  TO  STUDY  PARAM¬ 
ETERS  REQUIRED  IN  THE  MANUFACTURE  OF 
CONICAL  BERYLLIUM  SHAPES'^) 


Sequence 

Operation 

Reduction 

1 

Back  extrude 

Form 

3.4il 

2 

Back  extrude 

Form 

2.5il 

3 

Upset 

Back  extrude 

Form 

80  percent  (5tl) 
3.4il 

4 

Upset 

Back  extrude 

Form 

80  percent  (5il) 
2.5il 

5 

Upset 

Back  extrude 

Form 

75  percent  (4il) 
3.4il 

6 

Forward  extrude 
Upset 

Back  extrude 

Form 

4.1 

60  percent 

3.4  tl 

7 

Forward  extrude 
Upset 

Back  extrude 

Form 

4il 

60  percent 

2.5.1 

8 

Forward  extrude 
Upset 

Back  extrude 

Form 

4.1 

75  percent 

3.4il 

9 

Forward  extrude 
Upset 

Back  extrude 

Form 

3.1 

60  percent 

3.4.1 

10 

Forward  extrude 
Upset 

Back  extrude 

Form 

3(1 

75  percent 

3.4(1 

Extrusion*!  forcings,  and  as-cast  Ingots  were 
converted  into  sheet  by  rolling  In  the  temperature 
ranges  of  1100  to  1200  F  and  1450  to  1650  F. 

Special  solutlonlzlng  and  precipitation  treatments 
were  used  prior  to  fabrication  to  produce  con¬ 
sistently  sound  sheet  In  the  low-teaperatuz*  range. 
Extruded  slabs  were  the  preferred  starting  stock 
since  they  could  be  consistently  rolled  In  both 
temperature  ranges.  Residual  cold  work  In  sheet 
rolled  in  the  lower  temperature  range  gave  higher 
tensile  properties  and  lower  elongations.  On  the 
other  hand,  sheet  fabricated  in  the  higher  tem¬ 
perature  range  showed  greater  fonsablllty. 

A  pamphlet  summarizing  the  available  machin¬ 
ing  data  for  beryllium  metal  has  been  compiled  by 
Snider  and  Kahles.'*’)  This  pamphlet  gives 
machinlng-data  charts  with  explicit  specification 
for  each  machining  process. 

NASA  has  Issued  a  series  of  technical  mem¬ 
oranda  ccnc-ming  the  fabrication  of  beryllium. 

The  first  voluaw  Is  a  reprinting  of  a  report  written 
for  the  Redstone  Scientific  Information  Center  by 
Gerds  and  Boulger  at  Battalia. W  This  report, 
which  has  already  been  reviewed,  covers  a  survey 
of  technology  In  beryllium  fabrication  from  1960 
to  1964.  Volume  II  covert  forsdng  technique*  for 
beryllium  alloys. (10)  The  problem  of  forming 
structural  components  from  sheet  product*  it  de¬ 
tailed.  Time-temperature  relationships  are  es¬ 
tablished  for  the  forsdng  of  straight  bends,  eo^ 


pound  curved  channels,  joggles,  and  head  spherical 
segments.  Exaaqalet  showing  flow  of  material  and 
resultant  dimensional  change*  are  measured.  This 
report  shows  the  feasibility  of  using  extreme 
forming  operations  on  cross-rolled  beryllium  sheet. 

Metal-removal  techniques  are  the  subject  for 
Volume  III  of  this  series.!11'  A  review  of  the 
proven  production  techniques  for  drilling,  routing, 
and  abrasive  wheel  cutting  of  both  sheet  and  plate 
thicknesses  of  beryllium  is  given.  Also,  production 
technique*  for  precision  aecnlning  of  hot-pressed 
block  and  extruded  rod  are  reviewed.  An  Investiga¬ 
tion  of  chemical -milling  rate*  versus  solution 
strengths  Is  described.  Electrlcal-dlscharage 
machining  power  and  frequency  parameters  and 
electrode  materials  are  correlated  with  the  resulting 
metal-removal  rates,  surface  finishes,  and  machining 
times.  Metal logrephlc  techniques  were  used  for  com¬ 
parison  and  failure  analysis. 

Volume  IV  of  this  series  cover*  surface- 
treatment  techniques  used  In  the  fabrication  of 
beryllium  structures.'1*)  Che  section  of  this  re¬ 
port  covert  removal  of  surface  contaminants  In¬ 
curred  during  normal  shop  handling.  This  would 
include  removal  of  fingerprints,  lubricants,  dust, 
etc.,  resulting  from  normal  working  of  the  struc¬ 
tures.  Another  pert  of  this  report  discusses  the 
chemical  removal  of  surface  oxides  for  adhesive 
bonding  and  plating.  In  the  cate  of  bonding,  the 
cleaning  agent  oust  be  compatible  with  the  bonding 
process  and  mutt  not  contain  compounds  which  would 
inhibit  proper  curving  of  the  bonding  material. 
Etching  1*  employed  to  clean  the  surface  prior  to 
plating.  Then  an  activating  strike  Is  normally 
employed  prior  to  final  plating.  Procedures  for 
zinc,  copper,  and  nickel  plating  are  given.  Also 
described  are  procedure*  followed  to  prevent  sur¬ 
face  daamge  during  shop  operation. 

The  effects  of  thermal  treatments  on  the 
properties  and  dimensional  stability  of  formed 
beryllium  sheet  are  reported  In  Volume  V.113) 

It  was  found  that  relief  of  residual  stresses  could 
be  more  readily  accomplished  at  1025  F  rather  than 
the  more  commonly  used  1350  F.  Rapid  cooling  after 
the  rami  treatment  was  not  a  recommended  production 
process  since  it  ha*  a  deleterious  effect  on  both 
the  properties  and  contour  of  formed  sheet. 

Annealing  at  1150  F  for  8  hour*  results  In  more 
consistent  effects  than  do  similar  treatments  at 
1350  F. 

Joining  technique*  was  the  topic  for  Voluae 
VI  In  the  series.'14)  This  document  covers  prl- 
marlly  mechanical  fastening  and  adhesive  bonding. 

It  was  concluded  that  high-strength  mechanical 
fasteners  can  be  used  for  fabrication  of  beryllium 
structures.  Adhesives  arc  not  necessary  In  con¬ 
junction  with  mechanically  fastened  joints.  How¬ 
ever,  satisfactory  adhesive  Joining  of  beryllium 
was  accomplished  on  a  laboratory  scale.  In  both 
cases  It  was  demonstrated  that  thee*  technique* 
could  be  used  to  produce  sound  Joints.  Brazing  Is 
the  most  advanced  technique  of  the  two.  However, 
the  authors  recommended  that  both  techniques  ba 
developed  further  since  there  were  few  established 
production  techniques  for  these  procedures. 

OBSUBB. 

Oken  and  Dilks  have  preformed  a  structural 
•valuation  of  beryllium  solar  panel  spars  at  the 


Boeing  Company  l Figure  2). (15)  Beryl ilua  croit- 
rolled  6 hoot  with  a  2  percent  aox  laita  BoO  content 
was  ueed  in  thie  program.  It  «i  Initielly  char¬ 
acterised  In  Um>  bare  condition  after  being  wetted 
with  A1-12S1  braze  alloy  to  verify  the  notorial 
epeciflcatlono.  To  evaluate  the  beryl llua  under 
operational  loading  conditions,  four  solar  panel 
spars  were  fabricated  and  tested.  Three  were  br?zed 
end  one  was  riveted.  Present  cross-rolled  beryl lluw- 
-hee*  f*-tness  specif ict*«ns  «f  ±2  percent  were 
wetormnod  to  be  inadequate  and  U  sheet,  thera* 
fore,  had  to  be  flattened  before  use.  Fabrication 
was  very  successful  inasmuch  as  all  established 
design  and  process  criteria  were  followed.  The 
four  spars  were  tested  to  failure,  which  occurred 
at  stress  levels  (torn  37,600  to  41,000  psl. 


FIGURE  2.  BERYLLIUM  SOLAR  SPAR  USED  IN  STRUCTURAL 
EVALUATIONS  AT  BOEINGU5) 

Hauser  and  cowozfcera  at  Battalia  have  re¬ 
ported  on  the  electron-bean  welding  of  bsrylllua.U6) 
This  report  covers  half  of  a  2-year  program  on  the 
subject.  Procedures  have  been  investigated  for 
welding  0.020-,  1/16-,  1/8-,  and  l/4-inch  thick 
sheet.  The  factors  which  were  exanlned  for  tholr 
effect  on  weld  <*iallty  were  beaai  voltage,  current, 
dimeter,  travel  speed,  preheat  teiqwrature,  sur¬ 
face  preparation,  mechanical  restraint  during  weld¬ 
ing,  and  ewterlal  composition.  In  the  thicker 
sheets,  undercutting  and  surface  roughness  of  the 
welds  were  major  problems  in  developing  satis¬ 
factory  welding  procedures.  Lower  welding  speeds 
and  power  denaltles,  multiple-pass  welds,  and  the 
addition  of  filler  metal  alleviated  the  under¬ 
cutting  and  roughness  problems. 

BeO  films,  the  thickness  of  which  Increased 
oxide  content,  were  found  to  fora  on  the  welds. 
Undercutting,  roughness,  and  porosity  in  the  welds 
tended  to  increase  with  the  BeO  content  of  the  bsse 
metal.  For  a  given  set  of  conditions,  the  quality 
of  welds  in  the  low-oxide  (0.69  percent  BeO)  sheet 
was  significantly  better  than  that  in  the  high- 
oxide  (1.93  percent  BeO)  ewterlal. 

Preheating  was  necessary  to  prevent  cracking 
when  restraint  was  used  in  butt-welded  sheets.  It 
was  necessary  to  use  hitter  temperatures  as  re¬ 
straint  was  increased.  Distortion  during  welding 
was  determined  to  be  the  same  as  in  welding  el usd - 
nun  or  stainless  steel.  Transverse  shrinkage  and 
longitudinal  bowing  were  the  primary  means  of  dis¬ 
tortion  that  were  aessured.  Multiple-pass  welds  at 
lower  power  densities  produced  more  distortion  than 
single-peso  welds  at  higher  densities. 


Bend  tests  on  welded  sheet  indicated  that  the 
ductile-brittle  transition  temperature  was  about 
twice  that  for  the  base  metal  (1200  F  versus  636  F). 
Limited  tension  testing  on  welded  sheet  gave  joint 
efficiencies  of  66  to  76  percent  in  the  range  of  -40 
to  BOO  F.  Tests  were  made  in  1/16-  to  1/8-lneh- 
thlck  sheet.  Loss  In  properties  was  attributed  to 
the  relatively  large  grain  size  of  the  weld. 

NEB  CONTRACTS 

The  previous  Bsrylllun  Review  (September  23, 
1966)  referenced  s  Metalworking  News  item  (May  9, 
1966)  tdiieh  incorrectly  stated  that  Case  Institute 
of  Technology  will  be  detersdnlng  the  feasibility 
of  producing  fine  beryllium  wire  by  hydrostatic 
extrv«Jon  end  drawing.  Instead,  this  work  is  being 
done  by  Battelle  Memorial  Institute  on  an  Air  Force 
contract  ee  part  of  the  Battelle  hydrostatic  extru¬ 
sion  program. 

Beryllium  Corporation  le  investigating  tech- 
•'  .ques  for  producing  eolld-solutlon-strengthened 
bsryl llum-alloy  sheet  under  e  Navy  Air  Systems 
-oamand  Contract. (17)  Ingots  of  higher  purity 

oerylllum  ere  to  be  alloyed  with  copper  and  fabri¬ 
cated  into  fine-grained  sheet.  The  goals  are  to 
produce  sheet  with  low  anisotropy,  fine  grain  size, 
*nd  the  bending  characteristics  of  ingot  sheet  com¬ 
bined  with  the  strength  of  commercial  sheet.  Pre¬ 
liminary  results  have  indicated  that  the  copper 
additions  give  an  alloy  with  good  casting  character¬ 
istics.  The  extrusion  constant  of  the  ingots  in¬ 
creased  with  increasing  copper  content.  Surface 
roughness  in  the  extruded  beryllium-alloy  slabs 
could  bo  related  to  graln-alza  variation  In  the 
casting. 

NASA -Marshall  Space  Flight  Center  has  re¬ 
cently  awarded  a  contract  to  Harvey  Aluminum  Company 
to  Investigate  roll  bonding  of  stlffened-rib 
ssncwich  structures. (18)  Both  beryllium  and 
berv llua-t Itanium  structures  will  be  investigated. 
The  ilrst  phase  of  the  program  will  be  concerned 
with  design,  fabrication,  and  tasting  of  samples 
representing  the  joints  required  in  the  final 
assembly.  All  the  Important  process  variables  will 
be  optimized  by  using  these  test  ssnples  after 
which  full-scale  sandwich  structures  will  be  fabri¬ 
cated  using  the  parameters  developed  during  the 
first  phase. 
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